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TORQUE SENSING TOOL 
Field of the Invention 

[0001] The invention relates to torque applying tools, such as nutrunners and torque 
wrenches, incorporating torque sensors. 



[0002] In torque applying tools such as nutrunners and torque wrenches it is desirable to 
incorporate a display or printout indicating the torque applied by the tool during use of the tool to 
tighten threaded fasteners. In assembly line production a tool may be set to tighten bolts to a 
predetermined torque setting, for example. It is desirable to have a visual display or print-out of 
the torque actually applied, for quality control and safety purposes. For that reason, torque 
wrenches and nutrunners often have associated displays of sensed applied torque. 

[0003] Often however the sensed torque is little more than approximation or estimate of 
the torque actually applied to the bolt or other threaded fastener. It has never been possible to 
sense the torque at the drive head itself of the tool due to space limitations at the drive head. The 
torque sensors or strain gauges necessary to measure the applied torque have typically been 
spaced along the side handle of a torque wrench or along the drive train between a motor and a 
bevel drive gear of a nutrunner. It has generally been accepted that errors between the torque as 
measured at a point somewhat distant from the drive head and the torque exerted by the drive 
head are small in comparison with the torques being imposed; and are inevitable and 
unavoidable. The errors may arise, for example, from friction between the meshing teeth of the 
bevel gears of a nutrunner, or may take the form of cyclical errors arising from inaccuracies In 
the grinding of those teeth or in the bearings for the drive head. Nevertheless those errors do 
exist and limit the accuracy of torque sensing in known tools. 

Summary of the Invention 
[0004] It is an object of the invention to provide a torque applying tool incorporating a 
torque sensor which more accurately senses torque at the drive head of the tool. 



Background Information 
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[0005] The invention provides a torque applying tool comprising a torque wrench or 
nutrunner having handle means and a drive head for torque output; wherein the drive head is 
located at one end of a hollow quill shaft an outer diameter of which is splined to receive a 
torque drive input at a location axially spaced from the drive head; a central shaft extends from 
the drive head up the hollow centre of the quill shaft; and the ends of the hollow quill shaft and 
the central shaft remote from the drive head mount opposite ends of a flexible cantilever beam on 
a face of which or on opposed faces of which are mounted one or more strain sensing transducers 
the output or outputs of whichrepresentsensed torque applied by the drive head. 

[0006] The transducers, preferably two in number on opposed faces of the cantilever 
beam, are preferably Surface Acoustic Wave (S. A. W. ) transducers which are capable of 
providing accurate digital outputs even at low strain levels. S. A. W. transducers are available 
with a quartz substrate, with high Q factors which means that they can store and re-store energy 
efficiently. 

[0007] In a nutrunner the drive head rotates relative to the handle means. In a torque 
wrench with a ratchet handle the drive head may similarly rotate relative to the handle means. In 
either case the one or more strain transducers similarly rotate relative to the handle means. The 
outputs of such rotary strain sensing transducers are preferably transmitted to a non-rotary 
element in the handle via slip rings or across an air gap. For example the transducer outputs may 
be transmitted by a high frequency, preferably radio frequency, coupling between a rotary 
coupling element connected to the drive head and a non-rotary coupling element connected to the 
handle means. The coupling elements may for example be the elements of an inductive or a 
capacitive coupling. The output from the transducer or transducers may then be taken from the 
non-rotary coupling element either by a wired connection to a processor and display or via a 
patch antenna carried by the handle means, which transmits the output to a remote receiver, 
processor and display. 

Brief Description of the Drawings 
[0008] Figure 1 is an axial section through a working head of a known nutrunner 
incorporating a torque sensor; 
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[0009] Figure 2 is a schematic assembly view of a complete nutrunner according to the 
invention together with an associated CPU and visual display for the sensed torque; 

[0010] Figure 3 is an axial section through a part only of a working head of the nutrunner 
of Figure 2; 

[0011] Figure 4 is an enlarged detail of the torque sensing portion of the nutrunner of 
Figure 2; 

[0012] Figure 5 is a view from above in the direction of the arrow X of Figure 2 with the 
cover and both inductive elements removed; and 

[0013] Figure 6 is a view similar to that of Figure 5 but with only the upper one of the 
two inductive elements removed. 

Detailed Description 

[0014] The drawings all relate to powered nutrunners in which an output square drive 
head is driven by a motor through a gearbox and bevel gear. However it will be understood that 
the invention is equally applicable to torque wrenches which have a similar output square drive 
head connected, optionally through a ratchet mechanism, to a side arm handle through which 
torque is applied manually. In both cases the torque is applied to a splined shaft which 
terminates in the output square drive head. 

[0015] Referring first to Figure 1, a drive head 1 of a known powered nutrunner 
comprises an output square drive head 2 mounted at one end of a splined shaft 3. The shaft 3 is 
mounted on bearings, of which the upper bearing 4 is shown. A bevel gear 5 is drivingly 
connected to the shaft 3 by cooperating splines 6 on the shaft and gear. 

[0016] A second bevel gear 7 is a drive gear for the shaft 3 and drive head 2 and is 
mounted on a drive shaft 8 which is arranged perpendicularly to the shaft 3. The drive shaft 8 is 
mounted between bearings 9 and 10 and terminates in a hexagonal head 11 which in use receives 
a drive from a motor (not shown) which could for example be air or electric powered through a 
gearbox (not shown) both of which are located within a side handle of the nutrunner. 

[0017] A torque sensor is built into the known powered nutrunner of Figure 1 and 
comprises a strain gauge 12 mounted on the drive shaft 8 between the bearings 9 and 10. The 
strain in the drive shaft 8 sensed by the strain gauge 12 is transmitted by wire or by a wireless 
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link to a CPU and display (not shown) where the measured strain is converted and displayed as a 
measure of the applied torque. The strain gauge 12 could be a conventional strain gauge or one 
the uses Surface Acoustic Wave (S. A. W.) technology. 

[0018] The strain gauge 12 measures the strain at the drive shaft 8 between the bearings 9 
and 10, and not at the output square drive head 2. Errors can occur due to friction at the bearings 
9 and 4, friction between the bevel gears and side loads exerted on the handle of the nutrunner in 
use, and those errors cannot adequately be compensated in the nutrunner of Figure 1. The 
calculated and displayed torque is therefore never a completely accurate indication of the torque 
exerted by the square drive head 2. 

[0019] Figures 2 to 6 illustrate a powered nutrunner according to the invention. Figure 2 
shows the nutrunner, indicated 20, in side view. The nutrunner 20 has a motor portion 21, a 
gearbox portion 22 and a drive head portion 23 all enclosed in a housing 24. The drive head 
portion 23 includes an output square drive head which is identical to that of Figure 1 and which 
has therefore been given the same reference numeral 2. 

[0020] Power to the electric motor contained in the motor portion 21 is supplied through 
a power cable 25. The motor is a high speed low torque motor whose output is converted by the 
gearbox portion 22 to a low speed high torque drive to the output square drive head 2. 

[0021] Figure 2 also shows a cover 26 for a torque sensor assembly which is described in 
detail below. A patch antenna (not shown) transmits torque output signals to a CPU 27 which 
enables torque data to be displayed at 28. 

[0022] Figures 3 and 4 illustrate the connection of the torque sensors to the square drive 
head 2. The drive head 2 is formed or mounted on an end of a quill shaft 30 which is externally 
splined at 6 to receive the input drive from a bevel gear 5. The spline connection 6 and the bevel 
gear 5 are numbered with the same reference numerals as those used in Figure 1 to signify that 
the parts and functions are equivalent between the two drawings. 

[0023] The quill shaft 30 illustrated in Figure 2 has a slightly reduced thickness wall at 
30a, to facilitate slight flexure of the quill shaft under strain when the nutrunner applies torque to 
a rotary fastener in use. Such a wall thickness reduction is not necessary however, as long as the 
quill shaft has an appropriate degree of flexibility. Torque exerted between the bevel gear 5 and 
the output square drive head 2 manifests itself as that slight flexure of the quill shaft 30 between 
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those two points. To measure that flexure a central shaft 31 is secured fast to the bottom, end of 
the quill shaft 30 immediately adjacent the output square drive head 2 and extends up through the 
hollow centre of the quill shaft and into the cover 26. 

[0024] Within the cover 26 the top end of the quill shaft 30 opens out into a cup portion 
32 which mounts one end 33 of a flexible cantilever beam 34. The other end 35 of the cantilever 
beam 34 is gripped between fulcrum points 36 of a cranked end portion 37 of the central shaft31. 
The fulcrum points 36 are not shown in Figures 3 and 4 but are illustrated in Figure 5. 

[0025] Secured to opposed outer faces of the flexible cantilever beam 34 are a pair of 
strain gauges 38, one on each outer face of the beam. Analogue strain gauges may be used, but 
the strain gauges 38 are preferably S. A. W. devices which are highly accurate in measuring 
small strain readings and have a digital output which assists the further processing of their output 
signals. 

[0026] The outputs of the strain gauges 38 are fed to the respective tracks 39a and 39b of 
a rotary coupling element 39 which is mounted on the cup portion 32. The rotary coupling 
element 39 transmits energy to a non-rotary coupling element 40 mounted on the inside of the 
cover 26. In the steady state, when the output square drive head 2 has stopped rotating and the 
nut or other rotary fastener element being tightened has stopped rotating, the signals from the 
coupling element 39 wired to the strain gauges38 are thus coupled to the coupling 40 stably 
mounted within the cover 26. 

[0027] The output signal from the coupling element 40 is shown in Figures 3 and 4 as 
issuing down wire leads41. From there, the signal may be hard-wired to the CPU 27 (Figure 2) or 
may be transmitted to the CPU through a wireless connection which may be by an IR, radio wave 
or other suitable link. 

[0028] The strain gauges 38, although mounted at the end of the quill shaft 30 remote 
from the output square drive 2, accurately reflect the angular deflection in the quill shaft between 
the bevel gear 5 and the output square drive. Distortion of the output reading (representing 
sensed torque) by applied side loads on the nutrunner tool handle is reduced to a minimum, as 
any side load applied to the quill shaft is also applied to the central shaft 31. The output reading 
of applied torque, displayed at the display 28, is therefore an accurate display of the torque 
actually applied by the output drive head 2. Moreover the signal-to-noise ratio of the output is 
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extremely high when S. A. W. transducers are used as described, and the provision of S. A. W. 
transducers on opposite sides of the beam 34 with mutually different frequencies of for example 
200 MHz and 201 MHz respectively provides excellent signal separation with very little cross- 
talk. 
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